Following thyroidectomy the catabolism of nitrogen is accelerated, as indicated by studies both on fed and fasting rats.' "8 In an earlier report evidence was presented which showed that after thyroidectomy the rate of amino acid catabolism is elevated, while at the same time, a fall in the rate of conversion of body protein to amino acids occurs. The nitrogen output of fasting hypothyroid animals was found to be slightly greater than normal, indicating that of these two effects of thyroidectomy on the metabolism of nitrogen, the influence on amino acid catabolism is predominant.
Following thyroidectomy the catabolism of nitrogen is accelerated, as indicated by studies both on fed and fasting rats.' "8 In an earlier report evidence was presented which showed that after thyroidectomy the rate of amino acid catabolism is elevated, while at the same time, a fall in the rate of conversion of body protein to amino acids occurs. The nitrogen output of fasting hypothyroid animals was found to be slightly greater than normal, indicating that of these two effects of thyroidectomy on the metabolism of nitrogen, the influence on amino acid catabolism is predominant.
The experiments to be reported in this communication deal with the effects of small doses of thyroxine on the amino acid and protein metabolism of fasting thyro-parathyroidectomized rats. By labelling the amino acid reservoir of these animals with isotopic nitrogen (N15), it has been possible to show that the daily injection of 10 ug. of dl-thyroxine for 7 days is sufficient to repress the catabolism of the tissue amino acids of fasting hypothyroid animals, while at the same time, an acceleration of protein breakdown occurs.
Experimental
Sixty-day-old male rats of the Sprague-Dawley strain were submitted to thyroparathyroidectomy by the usual procedure. Twenty-five days after operation six animals received 10 ,ug. of dl-thyroxinet daily by subcutaneous injection, and six rats, reserved as controls, received daily injections of saline. All animals were fed Purina Fox Chow pellets and were provided with drinking bottles of an aqueous solution containing 1.8% calcium lactate and 0.2% calcium chloride. After the 5th day of injection the rats were fasted for 24 hours, and on the 6th day, one ml. per 100 gm. of body weight of a 1% solution (0.85% sodium chloride) of isotopic glycine (30.6 atom % excess) was administered by intraperitoneal injection. The animals were placed separately in metabolism cages and urine was collected for 10 and 48 hours after the administration of N1'. Inj ections of thyroxine and saline were continued during the two experimental days. At the termination of each period of collection of urine, the funnels and cages were rinsed, and the urine and washings made to suitable volumes. After filtration, aliquots were removed for quantitative and isotope analyses of the urinary total nitrogen.
Results
In an earlier reporte a method was described for the measurement of the approximate rates of utilization of the tissue amino acids for the formation of urea and the synthesis of body protein during fasting. It was shown that the relationship between the amounts of N15 excreted in the urine and the utilization of amino acid nitrogen may be expressed by means of the following equations:
,8 = k, + k2= 2.3 log Es 
Es/aki k, + k2 (Derived from equation 17') where E and Es are the amounts of N15 excreted in t and Ti hours, respectively; k, is the fraction of amino acid nitrogen which, per hour, is catabolized and excreted; k2 is the fraction of amino acid nitrogen which, per hour, is incorporated into body protein; and a is the dose of isotopic nitrogen administered. It was also shown that the rate of protein breakdown during fasting is measured by the extent of dilution of the administered N15, and may be calculated from the formula (3) ksP = 1OOa/CiT, (1) ( 2) where k3 is the fraction of body protein nitrogen (P) which, per hour, is converted to amino acid nitrogen, and C4 is the isotope concentration of the urinary nitrogen after collection for T4 hours. In the experiments reported in this and an earlier publication,1 t and T4 are 10 and 48 hours, respectively.
In Table 1 are recorded the data obtained when the rate of excretion of N'5 was measured after the administration of isotopic glycine to untreated thyro-parathyroidectomized rats. The results shown are in good agreement with those reported previously,1 and are in contrast with data obtained from normal animals. In the latter the values of ki, k2, and k3P which have been reported are 3.25% per hour, 6.31%o per hour, and 6.31 mg. per 100 gm. per hour, respectively, while the nitrogen output was 2.11 mg. per 100 gm. per hour. The data obtained in the experiment employing thyroxinetreated animals is shown in Table 2 . It is evident that the treatment brought about a significant decline in the rate of amino acid catabolism (P < 0.01), and an equally significant acceleration of protein breakdown (P < 0.01).
The difference between the values of k2 for the two sets of animals is not significant. It will be noted that no change in the rate of excretion of nitrogen occurred in the treated animals, indicating that the inhibition of amino acid catabolism was not of sufficient magnitude to overcome the concomitant acceleration of protein breakdown. Discussion In an earlier report' evidence was presented which favored the view that in the absence of thyroid gland the secretion of pituitary growth hormone is markedly repressed. It was shown that the administration of growth hormone to thyro-parathyroidectomized rats brought about nOt only a reduction in the level of amino acid catabolism, but also accelerated the incorporation of amino acids into body protein. Since the administration of thyroxine to hypothyroid animals also caused a lowering of the rate of catabolism of amino acids, it would appear that the influence of this hormone on the metabolism of amino acids is mediated by the pituitary gland. On the other hand the effect of thyroxine on the mobilization of amino acids from body protein would appear to be more direct. We have recently found that thyrotropic hormone* brings about a significant acceleration of protein breakdown in hypophysectomized rats.
Since growth hormone causes an increase in the rate of utilization of amino acids for the synthesis of protein, it might be anticipated that treatment with thyroxine, by causing an increase in the output of growth hormone, would also accelerate protein synthesis. That this is not the case may be related to the fact that the incorporation of amino acids into protein is exceedingly sensitive to the secretions of the adrenal cortex. This suggests that even small doses of thyroxine may so raise the level of adrenal activity as to block the effects of an augmented output of growth hormone. It is already well known that large doses of thyroid hormone may bring about hypertrophy of the adrenal glands.' Since the adrenal cortex is also concerned with the mobilization of amino acids from body protein, it would be of interest to determine to what extent the adrenal steroids mediate the effect of thyroid activity on this process.
The results of the present study are consistent with those of Rupp et al.8 who have reported that small doses of thyroxine (5-10 jug.) diminish the nitrogen output of force-fed rats, and that this effect appears to depend upon the presence of the pituitary gland.
Summary
By measuring the rate of excretion of N15 after the administration of N15 glycine to fasting thyro-parathyroidectomized rats, it was found that small doses of thyroxine reduce the level of amino acid catabolism and accelerate the breakdown of body protein.
